Electron paramagnetic resonance studies of the low temperature photolytic behavior of oxidized hydrogenase I from Clostridium pasteurianum.
The effects of CO and O2 on the EPR spectrum of oxidized Clostridium pasteurianum hydrogenase I have been investigated both before and after prolonged exposure to white light at 8 K and 30 K. Low concentrations of O2 were found to induce analogous changes in the EPR spectrum as CO, i.e. conversion of the rhombic signal with g approximately 2.10, 2.04, 2.00, a characteristic of the novel H2-activating center in oxidized Fe-hydrogenases, to an axial signal with g approximately 2.07, 2.01, 2.01. The results suggest a common binding site and mode of coordination for CO and O2 and permit rationalization of conflicting reports from different laboratories concerning the EPR properties of oxidized Fe-hydrogenases. The CO- and O2-induced axial EPR signals were found to be light-sensitive at low temperatures. Moreover, they exhibited indistinguishable and unusual photolysis behavior with the dominant photo-product being dependent on the temperature at which illumination was performed. At 8 K, photodissociation of CO or O2 occurs, resulting in an EPR signal identical with that of the oxidized enzyme in the absence of CO or O2. However, at 30 K, the dominant photoproduct is a rhombic EPR signal with g approximately 2.26, 2.12, 1.89. While the origin of this new EPR signal is uncertain, the g-value anisotropy and relaxation characteristics resemble those of a low spin Fe(III) center. These two photoproducts cannot be thermally or photolytically interconverted, but both are quantitatively reconverted to the original axial EPR signal on warming in the dark to 200 K. A tentative working hypothesis for the nature of the H2-activating center of Fe-hydrogenases is presented that is consistent with the available physiochemical data and permits rationalization of the novel photolysis behavior.